Mango (Mangifera indica) fruit production in Kenya occurs under diverse agro-ecological zones (AEZs). The different AEZs have variations in rainfall, sunlight, temperature, soils and cultural practices all of which affect fruit physiology and quality at harvest. Maturity stage at harvest also affects mango fruit quality and storage potential. In the present study, the effect of AEZs and fruit maturity stage on the postharvest shelf-life of mango variety apple was determined. The study was conducted over two seasons in 2011 and 2013 and the fruits were harvested from two different AEZs: Embu (high potential zone) and Makueni (low potential zone). The fruits were also harvested at two maturity stages based on flesh color. The fruits were selected for uniformity and allowed to ripen at ambient room conditions (Temperature; 25±1 o C and RH 60±5%) until a predetermined end stage. Five fruits were randomly sampled from each batch for determination of respiration, cumulative weight loss, total soluble solids, titratable acidity, ascorbic acid and mineral nutrients (potassium and magnesium). The results showed that 'apple' mango fruit quality was significantly affected by production location, maturity stage and the interaction between the two factors. Fruits harvested from Makueni and fruits harvested at early maturity stage (S1) had a longer shelf life (3 days more). Makueni fruits had significantly (p < 0.05) lower respiration rates accompanied with minimal weight loss. In addition, total soluble solids (TSS), ascorbic acid and mineral (magnesium) were significantly (p < 0.05) high in Makueni fruits while fruits from Embu were significantly (p < 0.05) high in total titratable acidity and potassium content. This study confirms profound variability in fruit quality as affected by the production location and harvest maturity.
Introduction
Mango (Mangifera indica L.) is one of the most popular fruits in Kenya which is consumed for its nutritious and medicinal value. Mango is adapted to a wide range of climatic conditions. In Kenya, mango production occurs in most of the seven AEZs ranging from sub-humid to semi-arid (Griesbach, 2003) . Variation in climatic factors in these AEZs variably affect fruit growth and development and subsequently on their postharvest shelf-life and quality (Kays, 1999) .
Light is an important production factor that influences fruit tree photosynthetic activity, fruit pigmentation and peel structure (Hewett, 2006) . The amount of light intercepted into the tree canopy affects the accumulation of coloration pigments through its influence on anthocyanin production (Simmons et al., 1998a) . High light intensity during mango fruit production has been associated with lower fruit acidity and high sugar content due to increased dry matter accumulation . Ascorbic acid content in mango is reported to be affected by the amount of light received during production period. The lower the light intensity the lower the ascorbic acid content of the fruit (Hollinger, 1996) . Water is an important component that is necessary for all the biochemical reactions occurring in plants during growth. During fruit production, enough water should be supplied to the mango tree during critical periods especially before flowering (Simmons et al., 1995) . Water availability will influence the final mango fruit quality and postharvest behavior (Behboudian & Mills, 1997) . Excess water supplied to mango trees results to excessive turgidity leading to increased susceptibility to physical damage, reduced firmness, delayed maturity and reduced soluble solids content (Simmons et al., 1995) .
Fruit maturity at harvest has a significant effect on their postharvest characteristics and quality (Crisosto et al., 1995) . Often fruits are harvested at different maturity stages depending on the target market. Mango fruits destined for regional and international markets are usually harvested at early maturity stage compared to fruits harvested for the local market (HCDA, 2010) .
The objective of this study was to establish the effect of agro-ecological zones on the post-harvest shelf life of 'apple' mango produced from two different agro-ecological zones; a high potential agro-ecological zone, III, (Embu) and a low potential agro-ecological zone, V, (Makueni).
Materials and Methods
The fruits used in the present study were harvested from twelve mango trees of approximately the same age (6-7 years) in commercial orchards in Embu and Makueni counties. Embu County is semi-humid and lies in AEZ III of Kenya. Embu lies at 1200 m above sea level with mean annual temperature of 19 o C and annual rainfall between 950 mm to 1350 mm. Embu soils are fertile and rich in organic content. The soils are high in potassium (1.48 ppm) and nitrogen (0.12%) nutrients. Makueni County is a low potential zone found in AEZ V of Kenya, lies at 450 m above sea level and receives an annual average rainfall of 550 mm or less. The mean annual temperature varies between 26 o C to 35 o C. Makueni soils are a combination of sandy-loam with relatively lower nutrient content. Soil test indicated lower N content (0.07%), organic carbon (0.52%) and potassium nutrient (1.40 ppm) in Makueni orchard soils.
The study was conducted between 2011 and 2013. Using fruit peel/pulp color and 'shoulder' orientation as maturity indices, the fruits were harvested at stage 1 (flesh mostly white, just turning yellow near the seed) and stage 2 (flesh mostly yellow, turning orange at the seed). The harvested were immediately transported to the postharvest laboratory and washed in water containing 1% acetic acid to disinfect and then left to dry in open air. The fruits from each stage harvested from the different location were then batched and arranged in single layers on plastic trays which were then separately stored for evaluation of their shelf life under ambient room conditions (Temperature; 25±1 o C and RH 60±5%). From each batch, five fruits were randomly selected for analysis of changes in parameters associated with mango ripening. This was done after every three or five days in (seasons 1 and 2) respectively. In both seasons, five fruits from each batch were selected at the beginning, weighed and labeled (1-5) for daily evaluation of respiration rate, ethylene evolution and fruit weight measurement.
Determination of Respiration Rate
Five fruits were put in plastic jars of 5775 ml whose covers were fitted with a self-sealing rubber septum for gas sampling. The fruits were then incubated for two hours at room temperature 25 o C. Gas samples from the headspace gas were taken using an airtight 1ml hypodermic syringe and injected into gas chromatograph (Model GC-8A, Shimadzu Corp., Kyoto, Japan). The gas chromatograph was fitted with a thermal conductivity detector (TCD) and a Poropak N column. The rate of carbon dioxide production was expressed as ml per Kg per Hour at standard atmospheric pressure.
Weight Loss Determination
The fruits from each treatment batch were clearly numbered (1 to 5) and weighed daily using a scientific balance (Model Libror AEG-220, Shimadzu Corp. Kyoto, Japan). The initial weight (W 1 ) of each fruit at day 0 and the new weight of the same fruit (W 2 ) on each sampling day were noted. The formula below was used to calculate the cumulative weight loss (%):
Cumulative weight loss (%) = (W 1 -W 2 )/W 1 × 100
(1)
Determination of Total Soluble Solids
Total soluble solids content was determined using a digital hand refractometer (Model 500, Atago, Tokyo, Japan). On each destructive sampling day, five milliliters of mango juice was extracted from three different fruits and placed on the hand refractometer to establish the total soluble solids which was expressed as o Brix.
Determination of Total Titrable Acidity
Total titratable acidity was determined by titration. Five milliliters of the mango juice extracted was diluted with 25 ml of distilled water. Only 10 ml of the diluted juice was used for titration with 0.1 N Sodium Hydroxide using phenolphthalein as an indicator.
Ascorbic Acid Determination
The ascorbic acid was determined according to AOAC (1996) method number 1 of dye titration. Five milliliters of the juice was topped up with 10% trichloroacetic acid (TCA) in 100 ml volumetric flask. The indicator used (2,6-dichlophenolindophenol) was titrated into 10ml of the fruit juice extracted.
Minerals Determination
Minerals (potassium and magnesium) were analyzed using the AOAC (1996) method. Five grams of the pulp was charred in the oven for 30 minutes then put in a muffle furnace at 550 o C for eight hours to ash. The ash was allowed to cool and diluted with 10 ml of 1 N hydrochloric acid. The mixture was filtered and diluted with 100 ml of distilled water. Magnesium was analyzed using an atomic absorption spectrophotometer (Model AA-6200, Shimadzu Corp., Kyoto, Japan) while potassium was analyzed using flame emission photometer (Model FA-410, Shimadzu Corp., Kyoto, Japan).
Statistical Analysis
Data was analyzed using Genstat statistical package 14 th edition. Comparison of means was done by Analysis of Variance (ANOVA) and Least Significance Difference (LSD) at p ≤ 0.05. The data is presented as graphs and tables showing the changing trends for various parameters based on the main treatment effects.
Results

Respiration Rate and Fruit Shelf-Life
Respiration rate followed a typical climacteric pattern with a gradual rise to peak levels followed by a decrease until the end of storage ( Figures 1A and 1B ). Higher respiration rates were observed in stage 2 (S2) fruits compared to those harvested at stage 1 (S1) irrespective of the production location and season. In season 1, fruits from Makueni had generally lower respiration rates and ultimately smaller respiration peaks 53.5 and 56.1 ml/kg/hour (S1 and S2 respectively) compared to 57.6 and 59.8 ml/kg/hour for fruits from Embu. Significantly higher respiration rates were reported in season 2 compared to season 1. Fruits from Makueni had significantly (p < 0.05) lower respiration rate and lower peak levels, 54.0 and 55.3 ml/kg/hour compared to 75.4 and 78.2 ml/kg/hour (S1 and S2 respectively) for fruits from Embu. In season 2, respiration rate was significantly (p < 0.001) affected by the interaction between location and stage of maturity.
Overall based on respiratory activity, fruits harvested at early maturity (S1) had a relatively longer shelf life of Figure 1 . Changes in CO 2 production of 'apple' mango harvested from Embu and Makueni at two stages of maturity; mature green (S1) and advanced in maturity (S2) in season 1A and season 2B
Note. Bars above the graph represent LSD at p ≤ 0.05 for the four means on each sampling day.
Percent Cumulative Weight Loss
The percent cumulative weight loss increased with fruit ripening in both season 1 and 2 (Figures 2A and 2B) . Fruits harvested at S1 retained significantly (p < 0.05) higher percentage of their initial weight than at fruits S2. Similarly, Makueni fruits retained significantly (p < 0.05) higher percentage of their initial weight compared to fruits from Embu. In season 1, fruits harvested at S1 from Embu lost 11.5% of their initial weight at day 10 compared to 10% at day 12 for fruits from Makueni. Fruits harvested at S2 from Embu lost 10.5% at day 8 compared to 10.3% a day later for fruits from Makueni. In season 2, fruits at S1 lost 10% at day 9 and 11.6% three days later while at S2 fruits lost 8.9% at day 7 and 8.4% of their initial weight at day 12, respectively for Embu and Makueni. 
Total Soluble Solids (TSS)
Observations on fruit TSS showed an increase with progress in ripening ( Figures 3A and 3B) . In season 1, the TSS levels gradually increased from the initial values of 4.3 and 3.4 ºBrix for S1 fruits and 5.3 and 5.4 ºBrix for S2 fruits from Makueni and Embu respectively at the end of storage period. S1 fruits harvested from Embu had the lowest TSS levels throughout the storage period. In season 2, relatively higher TSS levels were observed than in season 1. Similar to season 1, the TSS levels gradually increased from the initial values of 5.4 and 4.7 ºBrix to 12.6 and 9 ºBrix for S1 fruits and from initial values of 6.2 and 4.9 to 10.8 and 13.8 ºBrix for S2 fruits from Makueni and Embu respectively. Fruits harvested from Makueni at S2 maintained significantly (p < 0.05) higher TSS levels compared to those from Makueni at S1 during their storage period. At the end of storage, fruits harvested at S2 had the highest TSS levels in both seasons. In both seasons, TSS content was significantly (p < 0.001) affected by the interaction between location and stage of maturity. Note. Bars above the graph represent LSD at p≤0.05for the four means on each sampling day.
Total Titratable Acidity (TTA)
The level of TTA reduced gradually in all the fruits as they ripened ( Figures 4A and 4B) . Fruits harvested at S1 had significantly (p < 0.05) higher TTA content than those at S2 regardless of production location and season. In season 1, the TTA levels gradually reduced from the initial values of 0.56 and 0.65% to 0.03 and 0.1% for S1 fruits and from the initial 0.34 and 0.4% to 0.03 and 0.18% citric acid equivalent for S2 fruits from Makueni and Embu respectively, at the end of storage. Fruits harvested from Makueni at S1 retained significantly lower TTA levels during their entire storage than fruits from Embu at S1. In season 2, the TTA levels of fruits at S1 gradually reduced from the initial values of 0.6 and 0.7% to 0.07 and 0.14% and from the initial 0.55% and 0.62% to 0.11% and 0.21% citric acid equivalent for S2 fruits from Makueni and Embu respectively at the end of storage period. 
Ascorbic Acid
As ripening progressed, the levels of ascorbic acid reduced in all the fruits ( Figures 5A and 5B) . Fruits harvested at S1 had significantly (p < 0.05) higher ascorbic acid levels compared to S2 fruits irrespective of the production location and season. Fruits from Makueni (both stages) had higher initial ascorbic acid levels in both seasons. In season 1, the initial ascorbic acid content in S1 fruits was 98.85 and 85.64 mg/100 ml while S2 fruits had 82.78 and 77.44 mg/100 ml respectively for Makueni and Embu. Fruit ascorbic acid content was significantly (p < 0.001) affected by the interaction between location and stage of maturity in season 1. Significantly (p < 0.05) higher initial levels of ascorbic acid were observed in season 2. In season 2, the initial ascorbic acid content in S1 fruits was 110.5 and 104.5 mg/100 ml while S2 fruits had 106.3 and 96.3 mg/100 ml respectively for Makueni and Embu. Fruits harvested from Makueni at both stages of maturity retained significantly (p < 0.05) high ascorbic content during their storage period compared to fruits from Embu. 
Changes in Magnesium Content
A decline in Mg content was noted in all fruits as they ripened (Table 1) . Fruits harvested at S1 had significantly (p < 0.05) higher Mg content than at S2 irrespective of location of production. Fruits from Makueni had higher initial Mg levels compared to fruits from Embu. The levels of Mg reduced gradually from initial values of 20.5 and 14 mg/100 ml to 8.9 and 5.70 mg/100 ml for S1 fruits and from 17.9 and 13.2 mg/100 ml to 2.2 and 4.1 mg/100 ml for S2 fruits from Makueni and Embu in that order, at the end of storage. Fruits from Makueni retained significantly (p < 0.05) higher Mg levels during their entire storage compared to fruits from Embu. However, fruits from Makueni at S2 retained significantly (p < 0.05) higher Mg levels during their entire storage than fruits from Embu at S2. Note. Means within column followed by a different letter differ significantly at (p < 0.05).
Changes in Potassium Content
The potassium content of fruits decreased non-linearly with progress in ripening ( Table 2) . Significantly (p < 0.05) high K content was observed in fruits harvested at S1 than at S2 irrespective of the production location. Fruits from Embu had significantly (p < 0.05) high K content than fruits from Makueni. The K levels reduced from initial values of 95.1 and 281.4 mg/100 ml to 15.0 and 53.8 mg/100 ml for S1 fruits and from initial 80.1 Vol. 9, No. 8; and 195.1 mg/100 ml to 72.7 and 88.8 mg/100 ml for S2 fruits from Makueni and Embu respectively, at the end of storage. Potassium content was significantly (p < 0.001) affected by the interaction between location and stage of maturity. Note. Means within column followed by a different letter differ significantly at (p < 0.05).
Discussion
Respiration is one of the major metabolic processes in harvested commodities. It is the central metabolic process in harvested produce and therefore, respiration rate sets the pace of other changes that occur after harvest (Kays, 1991) . According to Day (1993) , respiration rate is inversely proportional to shelf-life of the produce; the lower the respiration rates the longer the shelf-life. In the present study, ripening changes followed a similar trend to that of the fruits' respiratory activity. Maturity stage and production location all affected the respiratory activity of the fruits. Fruits produced from Makueni had relatively lower respiration rates which translated to prolonged shelf life compared to fruits from Embu that recorded significantly high respiration rate leading to a reduced postharvest shelf life. Similarly the relatively lower respiration rates in S1 fruits translated into a longer shelf life compared to S2 fruits. The effect of production location on respiratory activity and ultimately on the shelf life is attributed to the effect on fruit growth and developmental processes and hence their physiological condition at harvest. Lower respiration rates were observed in fruits from Makueni (a low potential AEZ). Previous studies have shown that production conditions or seasons with low rainfall amounts variably affect fruits postharvest behavior. In banana, fruits produced under dry conditions had relatively longer shelf life compared to those produced under relatively wet conditions (Ambuko et al., 2006 (Ambuko et al., , 2013 . In avocado, Woolf et al. (2000) showed that fruits that ripened under sunny conditions had reduced respiration rate compared to those that ripened under less sunny conditions.
An increase in weight loss was observed in all the fruits as ripening progressed. The observed weight loss during fruit ripening is attributed to water loss due to transpiration and respiration. Previous studies reported similar findings in mango (Githiga, 2012) , passion fruits (Baraza et al., 2012) and banana (Ambuko et al., 2006) . The increase in weight loss was slightly lower in fruits harvested at S1 than fruits at S2. This can be explained by higher respiration rates recorded in fruits at S2 compared to relatively lower respiration rates in fruits at S1. The loss of weight from fruits from the two locations was almost comparable although fruits harvested from Makueni lost slightly lower percent of weight compared to fruits from Embu.
There was a gradual increase in the TSS levels as ripening progressed. Fruits harvested at advanced maturity (S2) had relatively higher TSS. The observed increase in TSS during ripening is associated with hydrolysis of complex carbohydrates including starch into simple soluble sugars required for cellular respiratory activity (Ninio et al., 2003) . Fruits harvested from Makueni had significantly high TSS levels than fruits from Embu. The high TSS levels in fruits from Makueni may be due to the longer period of sunlight exposure during the production period leading to increased accumulation of dry matter content. Fruits trees with high dry matter content tend to accumulate more soluble solids (Hollinger, 1996) . A positive relationship between light exposure period and TSS levels was previously reported in kiwi fruits (Tombesi et al., 1993) and banana (Ambuko et al., 2006) .
The TTA levels reduced as the fruits ripened irrespective of maturity stage and production location. The reduction in acidity may be due to the degradation of citric acid which could be attributed to its conversion to respiratory substrates required by the cells (Abbasi et al., 2009) . Fruits harvested at S1 had significantly higher TTA levels compared to those at S2 which mirrored the differences in their respiratory activity. These results correspond with previous findings in mango (Srinivasa et al., 2002; Githiga, 2012) where titratable acidity levels reduced with ripening. The TTA content was significantly higher in fruits harvested from Embu (a high AEZ). This could be attributed to lower accumulation of dry matter content affecting sugar content during the season of production (Hollinger, 1996) . Similarly the levels of ascorbic acid reduced gradually with fruit ripening in both maturity stages and production location. Previous studies in passion fruit (Yumbya, 2012) and pepper (Howard et al., 1994) have also reported a decrease in ascorbic acid as fruits ripened. The decrease in the vitamin C levels during ripening is attributed to degradation of ascorbic acid through oxidation (Appiah et al., 2011) . Contrary to the present findings ascorbic acid levels increased with ripening in apricots, papaya and peaches (Wenkam, 1979) . In the present study, Makueni fruits had significantly high ascorbic acid content than Embu fruits. This is probably due to variation in production factors between the two locations with Makueni being hotter and subject to higher sunlight intensity. Previous studies show that fruits exposed to full sun accumulated high ascorbic acid due to lower respiratory activities during maturation (Weston & Barth, 1997) .
Slightly higher levels of the mineral elements were observed in fruits harvested at S1 than at S2 and the levels were affected by production location. The levels of Mg, and K reduced non-linearly with advancement in fruit ripening. The reduction in Mg levels is attributed to the degradation of chlorophyll as ripening progressed (Medlicott et al., 1990) . Fruits harvested from Makueni had significantly high Mg content at harvest. This could be attributed to higher light intensity received during growth period that may have enhanced photosynthetic activity and hence more chlorophyll accumulation (Hewett, 2006) . Potassium (K) is important in metabolite transport and also plays a major role in stomata aperture size regulation hence controlling tree water loss. In the current study, K was the predominant element observed in the mango fruits. The significantly high K levels detected in fruits from Embu unlike fruits from Makueni could be attributed to variation in soil type and also increased use of K containing fertilizers in Embu orchard as revealed in soil analysis results.
Conclusion
The results of the present study evidently show the effect of agro-ecological zones and maturity stage at harvest on postharvest characteristics of mango fruits. Production factors especially light, temperature, water availability and the farmers' agronomic practices greatly influence fruit growth and development and consequently affect postharvest characteristics of fruits such as mangost fruit quality.
